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 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
 
 
  
ﺑﻪ ﺣﺪاﺋﻖ ذات  و اﻧﺰل ﻟﻜﻢ  ﻣﻦ اﻟﺴﻤﺎء ﻣﺎء ﻓﺎﻧﺒﺘﻨﺎ اﻻرضأﻣﻦ ﺧﻠﻖ اﻟﺴﻤﺎوات و*
أﻣﻦ ﺟﻌﻞ (  06) ﻣﻊ اﷲ ﺑﻞ هﻢ ﻗﻮم ﻳﻌﺪﻟﻮن أءﻻﻩﻣﺎ آﺎن ﻟﻜﻢ ان ﺗﻨﺒﺘﻮا ﺷﺠﺮهﺎ  ﺑﻬﺠﺔ
ﻗﺮارا وﺟﻌﻞ ﺧﻼﻟﻬﺎ  أﻧﻬﺎرا وﺟﻌﻞ ﻟﻬﺎ رواﺳﻰ وﺟﻌﻞ ﺑﻴﻦ اﻟﺒﺤﺮﻳﻦ ﺣﺎﺟﺰا  اﻻرض
دﻋﺎﻩ و ﻳﻜﺸﻒ   إذا أﻣﻦ ﻳﺠﻴﺐ اﻟﻤﻀﻄﺮ (16) ﷲ ﺑﻞ اآﺜﺮهﻢ ﻻ ﻳﻌﻠﻤﻮنﻣﻊ ا أءﻻﻩ 
           *  (26) أءﻻﻩ ﻣﻊ اﷲ ﻗﻠﻴﻼ ﻣﺎ ﺗﺰآﺮونﺧﻠﻔﺎء اﻻرض  اﻟﺴﻮء  وﻳﺠﻌﻠﻜﻢ
  "ﺻﺪق اﷲ اﻟﻌﻈﻴﻢ"
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 Impact of Land Use systems on some Land Degradation Indicators:  
in Atbara, River Nile State 
Abstract  
Amel Abdalla Mohamed Kheir  
The study was conducted in  the River Nile State (Lat 16º-22º N and long 
32º-36ºE) , Atbra Food Security Scheme to assess the impact of adopted 
management systems on land degradation using some Indicators 
(biophysical indicators). Soil samples were collected from three farms of 
different systems and uncultivated site (control). Also Water samples 
were taken from the main irrigation canal coming from the main River 
Nile and well used for drinking. Statistical analysis reflected significant 
(P≤0.05) differences in some of the soil properties.  The study showed 
that the adopted land use systems have appositive impact on land quality 
by increasing the organic mater content and reducing sand content in the 
cultivated area as compared to the uncultivated site. 
The study showed the high suitability of the canal water for irrigation 
(Ece=0.157dS/m, PH=8.03). The characteristic of the drinking water in 
the study area fell in the recommended level of WHO (RSC=1.20).  
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  :ﻰﺑﻌﺾ ﻣﺆﺷﺮات ﺗﺪهﻮر اﻻراﺿ أﺛﺮ ﻧﻈﻢ اﺳﺘﺨﺪام اﻻراض ﻋﻠﻰ
  وﻻﻳﺔ ﻧﻬﺮ اﻟﻨﻴﻞ ,ﻋﻄﺒﺮﻩ ﻓﻰ
  اﻟﻤﺴﺘﺨﻠﺺ
  اﻣﻞ ﻋﺒﺪ اﷲ ﻣﺤﻤﺪ ﺧﻴﺮ
  -(ﺷﺮق º63-º23وﺧﻂ ﻃﻮل , ﺷﻤﺎل º61-º22ﺧﻂ ﻋﺮض)وﻻﻳﺔ ﻧﻬﺮ اﻟﻨﻴﻞ  اﺟﺮﻳﺖ اﻟﺪراﺳﻪ ﻓﻰ
ﺳѧﺘﺨﺪام  ﺑѧﺎ  راﺿѧﻰ ﻋﻠѧﻰ ﺗѧﺪهﻮر اﻻ  اﺛѧﺮاﻟﻨﻈﻢ اﻟﻤﺘﺒﻌѧﻪ  ﻴﻢﻣﺸﺮوع اﻻﻣﻦ اﻟﻐѧﺬاﺋﻰ ﺑﻌﻄﺒѧﺮﻩ وذﻟѧﻚ ﻟﺘﻘﻴѧ  
  .اﻟﺘﺪهﻮر ﺑﻌﺾ ﻣﺆﺷﺮات
ﺮ ﻣﺰروﻋѧﺔ ﻓѧﻰ اﻟﻤﺸѧﺮوع وﻣﻨﻄﻘѧﺔ ﻏﻴѧ  ات اﻧﻈﻤѧﺔ ﻣﺨﺘﻠﻔѧﻪ ذ ﻣѧﺰارع  اﺧﺬت ﻋﻴﻨﺎت اﻟﺘﺮﺑﺔ ﻣﻦ ﺛѧﻼث 
آﻤﺎ اﺧﺬت ﻋﻴﻨﺎت ﻣﺎء ﻣﻦ اﻟﺘﺮﻋﻪ اﻟﺮﺋﻴﺴﻪ ﻟﻠﺮى ﺑﺎﻟﻤﺸﺮوع ﺑﺎﻻﺿѧﺎﻓﻪ ﻟﻌﻴﻨѧﺔ ﻣѧﺎء اﻟﺸѧﺮب ,  ﻟﻠﻤﻘﺎرﻧﻪ
  .ﺑﺎﻟﻤﻨﻄﻘﺔ
ﻦ ﺧѧѧﻮاص  اﻟﺘﺮﺑѧѧﺔ ﻓѧѧﻰ ﻣﻮﻗѧѧﻊ اﻟﺪراﺳѧѧﺔ ﻚ ﻓﺮوﻗѧѧﺎت ﻣﻌﻨﻮﻳѧѧﻪ ﻓѧѧﻲ ﻋѧѧﺪد ﻣѧѧ اوﺿѧѧﺤﺖ اﻟﺪراﺳѧѧﺔ ان هﻨﺎﻟѧѧ 
  ( .)50.0≤p
ﻣﺤﺘѧﻮى اﻟﻤѧﺎدﻩ  ﺑѧﺬﻳﺎدة  اﺛﺮ اﻳﺠﺎﺑﻰ ﻓﻲ اﻟﻤﻨﻄﻘѧﺔ  ﺎﻟﻬ ﻪاوﺿﺤﺖ اﻟﺪراﺳﺔ ان ﻧﻈﻢ ادارة اﻻرض اﻟﻤﺘﺒﻌ
  .ﻓﻰ اﻟﻤﻨﻄﻘﻪ اﻟﻤﺰروﻋﻪ ﺑﺎﻟﻤﻘﺎرﻧﺔ ﻣﻊ اﻟﻤﻮﻗﻊ اﻟﻐﻴﺮ ﻣﺰروعﻌﻀﻮﻳﺔ و ﺗﻘﻠﻴﻞ ﻧﺴﺒﺔ اﻟﺮﻣﻞ  اﻟ
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 .    )02.1=CSR(ﻟﻤﻨﻈﻤﺔ اﻟﺼﺤﺔ اﻟﻌﺎﻟﻤﻴﺔ
  
  
  
 
 
 
 
 
 
 
 
 
 
v 
 
 
 
 
  
List of Tables 
 
Table  Page  
2.1     Residual solid salts            8 
2.2 Total soluble salts in soil-paste 8 
2.3 Salinity of soil-water 8 
2.4 Salts accumulation 9 
2.5 losses in the basic crop productivity 9 
2.6 Population distribution in the State based on pattern of living 1983-
1993 
19 
2.7 Areas and classification of the arable land in the State 19 
2.8 Main Wadis in the state, location and areas in fedds. 21 
2.9 Loss of land by bank erosion in five villages 23 
3.1 The most common trees, shrubs and grasses in the study area 26 
4.1.1.1 pH in different sites and depths   36 
4.1.1.2 EC in different sites and depths  37 
4.1.1.3 Na+ in different sites and depths   37 
4.1.1.4 K+ in different sites and depths   38 
4.1.1.5 Ca++   in different sites and depths  38 
4.1.1.6 Mg++   in different sites and depths   39 
4.1.1.7 CEC in different sites and depths   39 
4.1.1.8 CaCo3 in different sites and depths   40 
4.1.1.9 SAR in different sites and depths   40 
4.1.1.10 ESP in different sites and depths   41 
4.1.1.11 HCO3 in different sites and depths   41 
vi 
 
 
4.1.1.12 Phosphorus in different sites and depths   42 
4.1.1.13 N%   in different sites and depths   42 
4.1.1.14 OM in different sites and depths   43 
4.1.1.15 C/N in different sites and depths   44 
4.1.1.16 Soil particles distribution in different sites and depths 45 
4.1.1.18 Results of Water analysis in study area 47 
5.1 water content of Ca++, Mg++, SO4and CL- in ppm 51 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
vii 
 
 
 
List of photograph 
 
Photo 1     Main irrigation canal. 
 
Photo 2    Animal production in the scheme. 
 
Photo 3   Citrus trees in Salah farm. 
 
 
  
 
  
  
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
viii 
 
 
  
 
 
  
 
List of Maps 
 
 
 
Map (1)                             Location of the study area          Page (28)         
         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ix 
 
 
 
 
 
 
  
Acronym 
 
  
  
AOAD               Arab Organization for Agricultural Development.   
 
 
Cowi consult     It's an independent Danish firm of consulting  
                           engineer  and planner found by  Chr.Ostenfeld  
                           and W.Joson in 1930. In 1972 the name of the 
firm was changed toCowiconsult.                             
                                                         
  
FAO                Food and Agriculture Organization. 
 
GLASOD     Global Assessment of Soil Degradation. 
 
ISRIC         International Soil References and Information Center.  
 
UNCCD    United Nations Convention to Combat Desertification. 
 
UNCED     United Nations Conference on  Environmental and 
 
Development.   
  
UNEP        United Nations Environmental Programme. 
   
USDA        United State Department of Agriculture. 
 
SSA           Sodano Sahelain Areas. 
 
 
WHO       World Health Organization. 
 
 
WMO       World Metrological Organization. 
 
  
x 
 
  
  
  
  
  
 
  
1 
 
                                                     Chapter One 
     Introduction 
 
The future status of land resources has important development and human 
well-being implications. Therefore, the substantive analysis of land use 
patterns and systems and their implications for sustainable development is 
crucial. Such analysis requires along time frame and needs to incorporate 
uncertainty. Fundamental uncertainty is introduced both by our limited 
understanding of human and ecological processes and by intrinsic 
indeterminism of complex dynamic system that characterize the 
environment. Out comes are predicated on policy choices, which are yet to 
be made, and natural occurrences that are out of the control of human kind. 
Nevertheless, there is a huge amount of, spatial, temporal and socioeconomic 
land use information that can form the basis of such analysis (Ochola etal 
2002). 
Arable lands are limited in the world. Thus it is imperative to conserve them 
through sustainable land use, which is it’s use that does not cause loss of 
productive capacity over time. However dry lands are subjected to human 
induced accelerated desertification processes that reduce their productive 
capacity and thereby constrain their sustainable use. Desertification is caused 
by climatic variation, human –related activities and climatic change. In the 
dry lands of developing countries human-related activities constitute the 
predominant cause (Mustafa, 2008). 
Sudan has experienced desertification since the forties when soil 
conservation committee was established to combat land degradation. In 
1958, desert and semi desert represent 43% of the country as stated by 
Harrison and Jackson (1958). 
The Sudan, as one of the developing countries, population growth had led to 
an increasing demand of basic needs such as food, employment, and cash 
2 
 
income. Furthermore, in Sudan, large proportion of the population lives in                     
rural areas (90% out of the total population). 
According to Salih (1996), River Nile State is one of the thirteen States   
affected by desertification. 
The Northern region (North and River Nile States), are severely affected by 
desertification processes. This region lies in the arid and semi- arid zones. 
There are two main soil orders along the banks of the River Nile: Entisols on 
the first terraces at the close proximity of the Nile and Aridisols at the 
second and third terraces away from the Nile. Entisols form a narrow stripe 
of recent alluvial fertile soils that are not salt affected. However, they 
adversely affected by gully erosion at the River side and desert 
encroachment from the other side (Izeldin and Ahmed2004). 
The present use of arid soil in Sudan is minimal because it is marginal land 
with some constrains that limit it’s development. Nearly all the suitable land 
of the flood plain, particularly in the northern region, has already been 
developed. Any further expansion must  be on the Aridsols of the Nile 
terrace which has   some constrain  such as, wind erosion and sand creep, 
wide spread salinity and sodicity, high water requirements of crops and high 
irrigation cost( Elkarouri ,1982). 
Accelerated land degradation results from the missmanagement of land and 
generally reflects the mismatch between land use and quality. Ineffective 
land use planning and management can only lead to over exploitation of 
resources, and contributing to increase land degradation, salinization , 
pollution, soil erosion and the deterioration of fragile ecosystems. 
1.1 Justification of the study: 
Upper lands of the River Nile State have been subjected to extensive 
practices of land use systems which may aggravate the degradation in the 
area. 
 
3 
 
1.2 The main objectives of this study are:- 
- Assessment of agricultural practices in the schemes in the Nile terraces 
by applying some biophysical indicators of land degradation. 
- Assessment of the impact of land use systems on land degradation 
indicators in the study area. 
- Determination of the quality of water for irrigation and drinking. 
1.3 Hypothesis: 
The study hypothesizes that the adopted land use management in the study 
area may have it is negative impact on the land by accelerating degradation 
processes.   
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Chapter Tow 
Literature Review 
2.1 Introduction 
The current and future challenges for society in addressing issues related to 
management of natural resources include availability of food and fresh water 
in sufficient quantities and quality, and addressing en-vironmental 
degradation. Human activities can also exacerbate the impacts of extreme 
climate events, such as soil and coastal erosion, transport of pollutant and 
desertification. They can also affect the human health and the availability of 
fresh water, air and food (Obasi, 2002). 
2.2 Land 
Land is an environmental, social, and economic good and is a key resource 
for the realization of development opportunities. Land resources are price 
less, as they support the majority of the people particularly in terms of 
agricultural and live stock production .Trends show continued degradation of 
resources, particularly due to desertification and climate changes, but also as 
a result of poor management and planning (Chenje etal 2006). 
2.3 Land degradation: 
Land degradation is composite term; it has no single readily identifiable 
feature. Instead describes how one or more of the land resources (soil, water, 
vegetation, rock, air, climate) has changed for the worse. Land degradation 
generally signified the temporary or permanent decline in the productive 
capacity of the land (UN-FAO definition) another definition describe it as" 
the aggregate diminution of the productive potential of the land including its 
major uses (rain fed, forest, arable, irrigated, rangeland), it’s farming system 
(e.g. small holder subsistence) and it’s values on economic resources”. This 
link between degradation (which is often caused by land use practices and 
it’s effect on land use is central to nearly all published definition of land 
degradation (Stocking and Murnaghan 2001). 
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2.4 Desertification: 
According to Lean (1995), the internationally negotiated and accepted 
definition of desertification which is endorsed by the international 
community in the UNCED (1992) is that: Desertification is land degradation 
in arid, semi arid and dry sub humid areas resulting from various factors 
including climatic variations and human activities.  
Both processes (Desertification and Land degradation) result from two set of 
factors, climatic condition and variations, and human activities and land use 
changes. Climatic and anthropogenic conditions may both induce a single 
process or combination of processes, for e.g. soil erosion, deterioration of the 
physical, chemical and biological or economic properties of soil, and long-
term loss of natural vegetation. Most environments are effected by common 
factors related to anthropogenic impact, which increase land degradation 
processes. from climatic point of view , however the environments where 
land degradation and desertification are most common are arid, semi-arid 
and dry sub-humid area with summer drought, these environments are often 
defined as areas in which the ratio of annual precipitation to potential 
evapotranspiration fall with in the range 0.05-0.65  (Sala, 2006).  
2.5    Causes of land degradation   
The most frequent recognized main causes of land degradation include: 
- Over grazing of range land. 
-Over-cultivation of crop land. 
-Water logging and salinization of irrigated land. 
-Deforestation. 
-Pollution. 
With in these broad categories wide variety of individual causes are 
incorporated, these causes may include: the failure to undertake soil 
conserving measures in areas at risk of degradation and the removal of all 
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crop residues in soil mining "i.e. extraction of nutrient at a rate grater than 
resupply" (Stocking and Muranugan,  2001). 
2.6 Land degradation action:   
According to Stocking and Muranugan (2001), there are two type of land 
degradation action: 
2.6.1 Unsustainable land  
This refer to system of land use that is wholly inappropriate for particular 
environment, it is unsustainable in the sense that unless corrected, this land 
use or any other could not be continued in the future. Unsustainably has the 
implication of being irreversibly degraded. 
2.6.2 Inappropriate land management 
In appropriate land management techniques also cause land degradation, but 
this degradation may be halted" and possibly reversed" if appropriate 
management technique are applied. 
2.7 The Indicators of land degradation:-       
Single indicators give singular items of evidence for land degradation; they 
are susceptible to error, misinterpretation and change, especially in the case 
of field assessment (Stocking and Muranugan 2001). 
According to AOAD (2002), about 134 indicators of land degradation had 
been proposed by United Nations Committee on Sustainable Development 
according to recommendation of World Summit Conference on Environment 
and Development accepted by Committee of Science and Technology of 
Convention to Combat Desertification [CCD] and other regional and sub-
regional institutions. The application of these indicators vary from country to 
another according to the circumstances of each one.for.e.g Tunisia accept 97 
indicators i.e. 72% of the total  and Morocco consider 120 indicators i.e. 
89% of the total, other country applied lesser percentage of indicators as in 
the case of Yemen and Sudan which they consider only 37 % of the total 
indicators. Some of these indicators include: 
7 
 
2.7.1     Environmental indicators (physiological and biological) this 
includes the following:    
i- Climatic indicators.         
ii- Hydrological indicators 
iii- Soil indicators 
The misuse of soil led to it’s physical degradation e.g. compaction of surface 
layer which effecting permeability and fertility of the soil, 
salinization/sodication, pollution and erosion. 
Soil indicators include: 
 iii.1   General Characteristic of soil. 
This includes:  
-   Soil texture. 
-   Soil structure. 
-   Soil compaction. 
- Permeability.      
-   Surface crust. 
-   Sealing. 
-  CECmg/100g. 
 -O.C, NPK 
iii.2      Soil erosion 
-  Wind erosion. 
-  Blow-out erosion. 
-  Water erosion. 
iii.3    Salinization and logging 
This phenomenon result from the mismanagement of land in arid and semi 
arid region in addition to the inefficiency of drainage system, about 112000 
km of the Arab land suffers from salinity. The indicators include: 
iii.3.1 Residual solid salts, table (2.1). 
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iii.3.2   Total soluble salts in soil-paste extracted by using EC meter 
according to USDA system , table (2.2). 
iii.3.3 Salinity of soil-water, table (2.3). 
iii.3.4     Salts accumulation, table (2.4). 
iii.3.5    losses in the basic crop productivity, table (2.5). 
 
Table (2.1) Residual solid salts            
% of salt Degree of soil salt 
0.4-0.2  
 
0.4-0.6 
 
>0.6 
Slight salinity 
 
Moderately saline 
 
High to v. high saline 
 
 
 
Table (2.2) Total soluble salts in soil-paste 
Electric conductivity  Ece Degree of salinity in soil 
<2 
2-4 
4-8 
8-16 
>16 
Not saline 
Slightly saline  
Moderately saline 
Saline 
Highly saline 
 
 
 
Table (2.3) salinity of soil-water 
Degree of salinity of soil –water Salt content of soil-water 
g/L 
Slight 
Moderate 
High to v high 
3-8 
8-10 
10-30 
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Table (2.4) Salts accumulation: 
Degree of salinity in soil Accumulated salts 
Ton/ha 
Slight 16-30 
moderate 30-45 
High to v.high 45-90 
 
Table (2.5) losses in the basic crop productivity 
 
2.7.2 Socio-Economic indicators: This includes the following: 
-   Population.                               
-  Demography of population.     
-    Migration and displacement. 
-    Unemployment.                      
-    Kind of building.                     
-     Per capita income.              
-     Source of income.                   
-     Developmental projects.         
-     Land tenure.                           
-   Source of fuel.                      
-   Laws and legistalation.         
-   Education and Literacy.         
-   Availability of drinking water. 
Degree of soil salinity Decrease in crop % 
High to v.high >40% 
Moderately saline 15-40% 
Slightly saline <15% 
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2.7.3 Remote Sensing Techniques 
R.S.Tproved to be a powerful modern technique for monitoring and 
assessment of natural resources over a fairly large area [3,600 to 324000 
km].The method is mainly based on the physical interaction between solar 
radiation, the atmosphere and the main features of the land surface, it can be 
used for monitoring and assessment of desertification indicators in the 
following fields:-  
- Preparation of surface water map. 
-  Inventory of waste land. 
-  Preparation of land degradation map. 
- Preparation of map for monitoring water logging. 
- Preparation of map for vegetation cover and land use system. 
- Preparation of crop map for monitoring productivity. 
- Preparation of map of distribution of active and stabilized sand dunes. 
2.8 Land degradation in the World: 
About one third of the world's population lives in dry lands, about 90% of 
whom are in developing countries. However, dry land people tend to be  
marginalized, the socio economic conditions of dry land peoples lays 
significantly behind that of people in other areas (M.A,2005). 
The phenomenon known as desertification has received widespread attention 
recently, as witness the creation of the United Nations Conference on 
desertification in Nairobi in 1977, mainly as result of extended drought in 
the West African Sahel in the early 1970's.  That drought caused loss of 
human lives and livestock and widespread environmental deterioration .The 
1977 Nairobi conference did serve to draw attention to the phenomenon 
(Glantz and Orlovesky, 1983).   
According to a study using data on global land degradation taken over a20 
year period and released by FAO, the United Nations Environmental 
Program and the World Soil Information ISRIC, FAO announced that: Land 
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degradation is increasing in severity and extent in many parts of the world, 
with more than 20% of all cultivated areas, 30% of forests and 10% of grass 
lands undergoing degradation. An estimated 105 billion people, or a quarter 
of the world's population, depend directly on land that is being degraded. 
The consequence of land degradation include reduced productivity, 
migration, food insecurity,  damage to basic resources and ecosystems, and 
loss of biodiversity through changes to habitats at both species and genetic 
levels. The data indicated that despite the stated determination of 194 
countries that ratified the UNCCD in 1994, land degradation is worsening 
rather than improving. Some 22% of degrading land in very arid to dry sub 
humid areas, while 78% of it is in humid regions, the study found that 
degradation is being driven mainly by poor land management. The study 
indicated that land degradation since 1991 has affected new areas, 
meanwhile some historically degraded areas were so severely affected that 
they are now stable having been abandoned or managed at low levels of 
productivity (FAO, 2008). 
According to the World Metrological Organization (WMO) during1967-
1992 drought affected about 50% of the 208 billion people who suffered 
from weather disasters. Just one extensive drought cost the USA about 4 
billion dollars. Drought accelerates degradation of the environment, and 
contributes to the expansion of desertified areas. Drought and land 
degradation frequently catalyze food crises, leading to mass migration of 
population, starvation, public agitation and civil wars (Kotlyakov, 2002). 
 It has been projected that as climate change pushes the world towards more 
extreme weather, more and more people would be exposed to recurrent 
disasters. Drought and flood are common problems impacting on different 
parts of the region with devastating result on people and the environment. 
Millions of people face famine with relentless regularity, increasing their 
vulnerability to disease and other hardships. For e.g. at the beginning of 
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2003, about 25 million people faced famine and by April 2003, this figure 
had jumped to 40 million, In Southern Africa, much of the famine in 2003 
was attributed to the severe drought of 2002-2003, in the Horn of Africa, 
Sudan, Eritrea and Ethiopia, famine is mainly a result of drought. Although 
in Ethiopia and Eritrea war also a contributory factor (Harch, 2003).  
Involuntary mass migration has become a common feature over much sub-
Saharan Africa; one of the root causes of this migration is the environmental 
degradation. Mass movements between countries have occurred in countries 
such as Sudan leading to further degradation (Kibreab,1996).   
Most of African countries show negative nutrient balance every year. In the 
semi- arid, arid and Sudano-sahelian areas that are more densely populated, 
where soils lose 60-100kg of nitrogen, phosphorus, and potassium per 
hectare each year. The soils of these areas are shallow, highly weathered, and 
subjected to intensive cultivation but with low levels of fertilizer application. 
Limited water availability and intensified land use due to increasing 
population size have restricted crop diversification and the adoption of 
proper management practices; short growing seasons contributes to 
additional pressure on the land (Henao and Baanate, 1999). 
While irrigation could enhance food production, it’s inefficient application 
could also be a risk, particularly in terms of salinization. For e.g., about10% 
of the world's irrigated land has damaged by salt, increasing the threats to 
food security.The built up of salts in the soil lowers yields and can damage 
the land beyond economic repair.Salinization is reducing the world's 
irrigated area by1 to2% every year (Chenje and Mafuta, 2006 *).  
According to UN secretary general Kofi Annan, desertification under mines 
the fertility of the world's land, with productivity loss reaching 50% in some 
areas (UN, 2004). 
It is estimated that the livelihood of more than 1000 million people globally 
are at risk of desertification, which may eventually force 135 million people 
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of their land. The problem appears to be more severe in SSA and the Horn of 
Africa (UNCCD, 2004). 
2.9 Land degradation in the Sudan        
Indicators of land degradation in Sudan were grasped since colonization 
days. The soil conservation committee in 1944 reported that: the climate had 
stayed the same (with it is normal variation) soil deterioration that has 
occurred, and which is still occurring, may be safely attributed to the work of 
mankind and to his domesticated animals, rather than to any change in basic 
climate (Kibreab, 1996). 
Stebbing(1953) counted the causes of land degradation to practices of 
shifting agriculture plus the increased number of grazing animals, annual 
firing of natural vegetation and misuse  of natural resources by human which  
represents the cause of degradation of forest to turn in to scrub type and can 
be traced to climatic changes.  
In the late 1970s to early 1990, several global or regional attempts of land 
degradation / desertification assessment have covered among other countries, 
the Sudan (UNEP, 1977; FAO/UNEP, 1984; UNEP/ISRIC, GLASOD,1990; 
Dregne; 1991) stated that the land surface of  Sudan excluding the hyper-arid 
zone, agricultural land, pasture, forest and wood land amount to 170 million 
ha in total, nearly 75 million  ha (45%) have been degraded severely to very 
severely by human activities in recent history. The highest estimate was that 
of Dregne (1991), while the estimates of UNEP (1977) and FAO/UNEP 
(1984)   were similar. GLASOD (1990) soil degradation assessment show 
that, severe and very severe degradations totaled 65 million hectares. The 
difference between GLASOD and other assessments could be vegetation 
degradation without significant soil degradation (Ayoub, 1998). 
Salih (1996) indicated that the effected areas include thirteen states: Red Sea, 
North Darfur, River Nile, Northern State, Kassala, Khartoum, North 
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Kordufan, Elgadaref,  West Darfur, Gezira, White Nile, West Kordufan, and 
Sennar State. 
According to Hassan (2001), five types of soil degradation have been 
Identified in the Sudan: wind erosion, water erosion in flood plain areas, 
depletion of soil fertility, salinity and alkalinity. 
Anew assessment of the country which was requested and carried out in 
cooperation with new national unity and Government of Southern Sudan, 
including the troubled region of Darfur indicates that among the root causes 
of decade of social strife and conflict are the   rapidly eroding environmental 
services in several key parts of the country. It reported that" the investment 
in environmental management, financed by the international community and 
from the country's emerging boom in oil and gas exports, will be a vital part 
of the peace building effort, the most serious concerns are land degradation, 
desertification and the spread of deserts south words by an average of 100km  
over the past four decades. These are linked with factors including 
overgrazing of fragile soils by live stock-population that has exploded from 
close to 27million animals to around 135million. Many sensitive areas are in 
the country are experiencing "deforestation crisis" which has led to loss of 
almost 12% of Sudan's forest cover in just 15 years.Indead, some areas may 
undergo a total loss of forest cover within the next decade  meanwhile, there 
is mounting evidence of long-term regional climate change in several parts 
of the country. This is witnessed by a very irregular but marked decline in 
rain fall (UNEP,2007).  
2.10 Desertification processes in Sudan: 
UNEP (2007) considers that three compounding desertification processes are 
underway in Sudan, which are relatively difficult to distinguish, separate and 
quantify on the ground, these are: 
2.10.1 Climatic-based conversion of land types from semi- desert to desert: 
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The reduction in rainfall in the last years is sufficient to have changed the 
natural environment, irrespective of human influence. This type of change 
occurs as a regional process, where less drought-resistant vegetation 
gradually dies off or resulting in a lower-density mix of different species. 
2.10.2 Degradation of existing desert environments: 
At least 29 percent of Sudan is desert. With in this large area, however, are 
hundreds of smaller wetter regions resulting from localized rainfall 
catchments, rivers and groundwater flows. Virtually all such areas inspected 
by UNEP were found to be moderately to severely degraded, principally due 
to deforestation, overgrazing and erosion. 
2.10.3 Conversion of land types from semi-desert to desert by human action: 
Over exploitation of semi-desert environments through deforestation, 
overgrazing and cultivation results in habitat conversion to desert, even 
though rainfall may still be sufficient to support semi-desert vegetation. In 
Sudan a particular problem has been the conversion of dry and fragile range 
lands in to traditional and mechanized crop land. 
 2.11 Land use systems in Sudan 
Sudan is a large country, with adverse range of ecological zones. These 
ecological zones extend from the desert in the north to the forest in the south. 
It extends between latitudes 3˚ and 22˚N and longitudes 21˚ and 38˚E, 
climate is classified as "tropical continental" and varies dramatically from 
the desert in the north to the equatorial rainy climate of south, with arid and 
semi-arid conditions in the center. 
According to Mohamed (2007) there are four distinct types of land use 
systems, through out the country: 
- Irrigated agriculture. 
- Mechanized rainfed agriculture. 
- Traditional rainfed agriculture. 
- Natural range land. 
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2.12 Pattern of land uses that led to land degradation in Sudan   
Elsammani (1986) stated that the patterns of land uses that led to land 
degradation in Sudan are the following: 
-Repeated cultivation of land without adequate fallow period to help the 
regeneration of soil fertility.                                        
-Monoculture cropping systems of sorghum or millet which exhaust the soil.                      
-Irrational use of heavy machinery that has negative impact on soil physical 
properties. 
2.13 Projected land use in Sudan  
Based on the current uses of land, it is projected that horizontal expansion of 
rainfed agriculture will continue to occur. This would necessary to at least 
maintain current levels of food and cash crop production. Given the current 
economic difficulties no expansion of irrigated agricultural production is 
projected in the short term. Areas are projected to remain the same, as 
investment flows are unlikely to be tempted in to Sudan. According to on 
going climate change  the natural forest cover is projected to continuously 
decrease for use in biomass energy and building material. Natural range land 
and pasture are also projected to decrease in the area (Bashir, 2001). 
2.14Causes of desertification in Sudan: 
According to Fadul and Osman (2000) there are tow main factors causing 
desertification in Sudan these are: 
2.13.1 Natural factors: 
- Decreasing precipitation rate. 
- Insects. 
2.13.2 Human factors: 
- Increase of human and animal population. 
- Extensive cultivation.  
- Over grazing. 
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2.15 Land Tenure and Management: 
In Sudan and except the privately owned land, which is no more than 
6million feddans out of a total of 600 million all land is government owned. 
The privately owned land is confined to the banks of the River Nile system, 
mostly in the Northern Sudan. All other types of land are owned by the State. 
The right of use of these lands is vested in communities. The root of the law 
is the institution of the Dar; the communed land-use a customary law, which 
was brought by the migrating Arabs in to Sudan. The colonial administration 
did not interfere   with the communal land-use system. Land laws were 
introduced only to regulate agricultural development. These were meant to 
safeguard, through the legal settlement of claims, the interests of the 
traditional users. The process of land settlement occurred on those areas in 
the central and south eastern clay plains where irrigated or mechanized 
agriculture was developed. Although the land laws apply to all other parts of 
the country, no such process of land settlement occurred outside the clay 
plain. The traditional sectors, particularly in the western Sudan still retain the 
communal system. This is largely due to the fact that much of the 
development that took place was confined to the modern sector of the 
economy. The conflict between farmers and herders are due to the conflicts 
over grazing and cultivation interests in communally used resources. Land 
owner-ship and rights of use in the Southern Sudan is not much different 
than in the North. Tribal and sub- tribal grazing routes are known (Bashir, 
2001).  
2.16 Present conservation aspect:  
According to UNEP (2007), in northern Sudan, there is high awareness of 
the issue of desertification within the academic community, and historical 
evidence of a number of attempts to quantify and/or limit the extent of the 
problem since at least the 1950s. 
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According to Bashir (2001) Environmental legislation is embodied in the 
various sectors, legislation of the various ministries of Sudan government 
machinery. Each ministry or department is charged within it’s terms of 
reference with one or more aspect of conservation of the natural resources or 
the protection of an environmental component within it’s professional 
mandate. The total number of individual acts, laws or ordinance is close 
to100.There are 19 laws dealing with land tenure and land use planning,10 
on soil conservation, 4 on forestry, 9 on wildlife and protected areas, 16 on 
water resources, 5 dealing with marine resources and coastal management, 5 
on livestock , 6 on hazardous substance, 4 on energy and mining, 10 on 
environmental health and one on antiquities. 
2.17 Natural Resources of the River Nile State 
According to Tayfure (2006), the natural resources of the state include the 
following: 
2.17.1 Human Resources and Distribution: 
 According to 1993 census the population of the River Nile State was781583 
, but on the basis of the State estimation census of 2005 the population was 
905000 with annual growth rate of  1.5%.The distribution of population is 
governed by  the imbalanced distribution of the natural resources, about 95% 
of the total concentrated along the banks of River Nile and Atbara  river i.e. 
only 5% of the total area, where  the population density reached 140-150 
person per squre kilometer, which represented the highest density in the 
country. Away from the river, where the desert conditions were dominant, 
the density is low 1-5 person/km2, habitated by nomads. The yearly 
decreasing number of the population of this important productive sector 
gives indicator of the crisis and deterioration of the natural resources. Table 
(2.6). 
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Table (2.6) Population distribution in the State based on pattern of living 
1983-1993 
Nomad Settled Nomads Urban Population Year 
NO % NO % NO %   
4400386,2 432957 66,6 17705827،2 650053 1983 
29212 3,7 520662 66,6 23170929,2 781583 1993 
2,7%  2,0%  3,1%  2%  Annual 
growth 
Source: National Population Census 1993 
2.17.2 Lands: 
The State has vast areas of arable lands with 3289600fedds in total, but the 
recent exploited area confined to the narrow stripe of the Rriver Nile banks 
and Atbara River, arable lands in upper trecess and wades represent more 
than 90% of the total. Table (2-7). 
Table (2.7) Areas and classification of the arable land in the State 
Area/fed Land class  NO 
140200 Island and Gerufs       1 
81400 Karu Lands 2 
3068000 Higher traces 3 
3289600 Total                                 
 Source: AOAD study of 1983 
2.17.3 Vegetation covers: 
- Natural Range Lands: The natural pasture is concentrated on south 
eastern part of the State and in Atbara river banks, with an area of 
40,000km2. The larger portion is in Shandi, Elmattama and Eldammer 
because they receive higher rate of rainfall than the north, in addition to the 
large quantity of water carried by Wadis. 
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- Forests: The State has very scanty vegetation cover due to it’s geographical 
location in the desert and semi-desert of the country. However, the River 
Nile and it’s tributary Atbra River compensate for the low rainfall. The 
Southern part of the Nile province which receives some rain has a good tree 
cover where protection measures are strictly applied by the Government and 
the local people living in those cites   (Hamadalla, 2002). 
The total area of reserved forest is 126202 fedds (Tayfur, 2006). 
2.17.4 Water resources:- 
 -River Nile and Atbra River: The State is characterized by it’s great amount 
of surface water resources coming from the main River Nile and Atbra 
River. 
- Wadis:Seasonal Wadis carry water during the rainfall season, the 
catchments of these valleys located outside the State where the rainfall is 
grater than in side. Table (2-8). 
- Underground water: Nubian sand stone aquifer covers 50% of the state 
area with good quality water, the estimated provision of the under ground 
water was300 milliard m3, of which only 80 milliard was exploited for 
different uses (Tayfur, 2006). 
2.17.5 Animal wealth: 
River Nile State has comprised of Camels (150472), Cattle (170883), Goats 
(2402802), and Sheep (170883) (Tayfur, 2006). 
. 2.18   Degradation of biodiversity:                                          
-According to Jamal (2005) many flora and fauna species were disappeared.                       
-Many annual shrubs with high nutritive value to animals like Umalbena and 
Molokai were disappeared.  
-Decrease of perennial shrubs in the Butana ranges e.g. Elsiha «Blepharis 
edulis "        
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-The scarcity of Gazal which was normally found in the past.                            
-Spreading of misqute trees Prosopis chilensis  in the expense of agricultural 
lands in about 105000fedds in Elzedab and Kaboshia. 
-the recession of domestic animal numbers of camels and cattle ,and the 
increase of number of goats and sheeps with their negative impact on the 
environment. 
 
 Table (2.8) MainWadis in the State, location and areas in fedds. 
Type Area/ fed Location Name NO 
Surface and under 
ground water 
75000 Shendi Elhawad 1 
""""""""""""""" 35000 """"""""" Elawateeb 2 
"""""""""""""""" 200000 Elmattama Elnagaa 3 
""""""""""""""""" 2500 """""""""""""  Eltibna 4 
"""""""""""""""" 85000 Eldammer Elmakabrab 5 
"""""""""""""""" 6000 """""""""""""" Abu doom 6 
""""""""""""""""" 25000 """""" Elmieehet 7 
"""""""""""""""" 10000 Barber Elhudee 8 
Surface water 15000 """"""""""" Abu salum 9 
""""""""""""""" 5000 """""""""""""" Elhummar 10 
""""""""""""" 35000 """""""""""""""Dartway 11 
""""""""""""""""""""""10000 Abu hammed Abu sibaa 12 
Surface and under 
ground water 
10000 """""""""""""" Ammor 13 
 513500 Total 
Source: Reports of the State Ministry of Agriculture and Animal Wealth (2005)  
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2.19 Degradation of water resources: 
-The quantity and duration of Atbara river flow was reduced to annual 
average of 8.5 milliard m3 after the construction of Kashm Algebra dam, this 
led to reduction of the cultivated areas Jamal (2005). 
-The decreasing ratios of the flood as result of scarcity of precipitation at 
Ethiopian plateau and the recession of the main river and Atbara river before 
the end of the main growing season.  
2.20 Desert creep 
The expansion of sands on the agricultural lands especially in the northern 
part of the state is one of the major threats in the State, the situation is 
aggravated by the removal of vegetation cover for fuel and building that led 
to disappearance of trees barrier from the river banks. This threat affected 
marginal building of rural people which include governmental building, like 
health centers and schools, and this resulted in deterioration of services in 
rural areas. The degradation of cultivated land, and the reduction of 
production and productivity, increased the poverty among the rural peoples. 
2.21 River bank erosion:                     
Bank erosion constitutes serious environmental problem causing the loss of 
many cultivated lands especially in the eastern bank of the river. Table (2-9) 
shows that a total of 2260 0f date palm trees were damaged by bank erosion 
at six villages during the period1988-1997, moreover 481 Feddans of fertile 
lands were lost at the same period, also 66649 feddans with their irrigation 
systems were lost by desert creep Jamal (2005). 
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Table (2.9)   Loss of land by bank erosion in five villages 
 Total 
losses/fed  
Losses by 
desert creep
Losses by 
dam erosion
LocalityVillage
240
18
20
6664
53
150  
-
-
-
6664
-
-  
240
18 
20
-
53
150  
  
Eldammer  
Atbara
""""""
Barber
Abuhamed
""""""""
Sgady
Elhasblap
Umeltiuor  
Inepis
Abuhasheem  
Elkaro
7145  6664  481    Total  
Source: Ministry of Agriculture-River Nile State 
 
2.22 Degradation of Agricultural production as a result of climate 
change:                                                
The metrological data from1986-2005 indicated the increasing rate of 
temperature affects the growing crops in their different stages. 
2.23 Poverty:  
 One of the major concerns of the State is poverty alleviation. The 
economical indicators based on income indicated the increase of poverty rate 
from 77.6% in1990 to 108% in1996 Jamal (2005). 
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Chapter Three 
Materials and methods 
3.1General description of the study area:            
3.1.1 Location: 
River Nile State lies in the northern part of the Sudan, between latitudes 
(16˚-22˚N) and longitudes (32˚-35˚E) .The area of the state is 121,000km2, 
and lies in dry land zone where the average annual rainfall ranges from zero 
to 100mm  (Tayfur, 2006). 
3.1.2 Climate: 
According to the metrological records (1970_2000) available at Atbara 
meteorological station in the river Nile state , the state is characterized by 
occurrence of long dry season extending from November to April. However 
May and June usually receive very little precipitation, the monthly and 
annual variability of rain fall is very great. May is the wormiest month with 
mean daily maximum temperature around 48cº; January is the coldest month 
with mean daily maximum temperature of 30ºc the mean minimum 
temperature around 8.5cº. In the period between (1970_2000) the lowest 
relative humidity recorded in may which is 22%, and the highest humidity of 
40% occurs in December.in2000 the percentage were 21% in May and 47% 
in December. During (1970_2000) the lowest evaporation was 13.5ml in 
January and it was 2o.7ml in June. In 2000 it was 10.5ml in January and 21.4 
in May. The prevailing wind direction is from north to north east during 
October to June, the direction changes to South-west during the period from 
July to September. Wind velocity reaches 7m/h during the period from 
November to February and about 4m/h during the rest of the year. These 
winds blow from the desert, so they are hot and dry in winter. There is strong 
wind [habob] coming from south east which may blow for 12 hours in April 
and May with a heavy load of dust and sand. 
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3.1.3 Population 
According to State census (2005), the population of the State is 905.000 
(Tayfure, 2006). 
3.1.4 Land tenure in the River Nile State 
Most of the lands on the banks of the river Atbara are free-hold lands 
enquired through inheritance, high riverian lands are government, which are 
usually leased to local farmer. High terraces lands are allocated to 
neighboring village cultivators. In general the average farm size is 5-10fedds 
(2.10-4.20 ha). Privately owned farms (in the flood plains) have developed in 
to an extremely complex land distribution pattern with considerable 
fragmentation of fields. Surplus population and private investors are 
therefore now increasingly occupying and utilizing government land in the 
upper and lower terraces on the basis of various levels of registrations and 
construction of wells and pump irrigated system"Matara" (Elkhider, 1996). 
3.1.5 Vegetation:- 
The River Nile is an extremely arid area which can be classified as true 
desert, semi- desert and desert scrub (Harrison and Jackson , 1958). 
In the desert zone, the vegetation is virtually absent, except along the Nile 
bank and water courses where ephermal herp and grasses occur after rainfall. 
In the basin and along the Nile bank; Acacia albida, Acacia seyal, Acacia 
nilotica and Acacia tortilis are found. Along water courses away from the 
river banks (wadies) ,A tortilis , A ehernbegian  and Mearua  crassifalia are 
dominant. In upper terraces, shrubs such as Calotripis procera ,Capparis 
decidua and Leptadenia pyrotechniea are found. The seasonal river Atbara 
which is considered as a natural habitat of Hyphane thebiaca also contain 
Acacia sayal,Acacia tortilis, Zizphus spinechristi, and Balanites aegyptiaca 
Table(3.1). 
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Table (3.1) the most common trees, shrubs and grasses in the study area 
English name Arabic Name Latin Name 
 
1-Samer 
 
2-Sayal 
3-Salam 
4-Talih 
5-Sunt 
6-Haraz 
7-Kitr 
8-Dom 
9-Heglig 
10-Serih 
11-Sidr 
 
1 -ﺮﻤﺳ  
 
2 -لﺎﻴﺳ  
3 -ﻢﻠﺳ  
4 -ﺢﻠﻃ  
5 -ﻂﻨﺳ  
6 -زاﺮﺣ  
7 -ﺮﺘآ  
8 -مود  
9 -ﺞﻴﻠﺠه  
10-ﺮﺳح  
11-رﺪﺳ  
 
A-Trees 
1-A cacia tortilis,sub species raddiana 
2-A. tortilis,sub species tortilis. 
3-A  ehernberginan                  
4-A   seyal                                    
5-A   nilotica                              
6- A albida                    
7-A   mellifera                            
8-Hyphaene   thebiace                
9-Balanites aegyptiacea             
10-Mearua crassifoliae               
11-Zizphus-spine-cristi              
 
1-Aushr 
2-Tundop 
3-Marikh 
1 -ﺮﺸﻋ  
 
2 -ﺐﻀﻨﻃ  
3 -خﺮﻣ  
B- Shrubs 
1-Calotripi   procera                  
2-Cappris  decidua        
3-Leptadenia pyrotechnia         
             
 
1-Umshara 
2-Tomam 
3-Nal 
1 -اﺮﺷ ما  
2 -مﺎﻤﺗ  
3 -لﺎﻧ  
C-Grasses 
1-Aristida mutabilis               
2-Panicum turgidum             
3-Cymobogoon  nervatus         
 
3.1.6 Geology of River Nile state: 
According to COWI consult (1990), there are five main geological units 
present in River Nile State:- 
-Superficial desert deposits [quaternary and recent deposits], and of special 
concern is moving sand in the form of sand dunes.  
-Alluvial deposits of Nile and main wadis [quaternary and recent deposits], 
the alluvial deposits of the Nile which occur in the site between Muberika 
north Barber and on the Nubian formation or on the crystalline basement. 
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-Nubian sand stone formation:70-80% of the formation consist of fine sand 
to gravely sand and 20-30% consist of layers of silty sand stones, silt stone 
and mudstone, this type occurs in the State from south of Shandi to Mubrika. 
-Crystalline Basement complex, this complex underlies the Nubian sand 
stones formation and out-crops at the surface in the northern part of the 
Bayuda Desert and the eastern part of the Nubian Desert. The Nile traverses 
this complex from Muberika to Kerima. 
- Basalt occurs in both Nubian formation and in the crystalline complex in 
the Bayuda Desert. 
3.1.7 Topography and soil: 
The River basin which is a flat narrow strip of land, rarly exceeds two 
kilometers in width, and is seasonally inundated. Higher elevation land 
consist of gravel containing sandsilt. Contributions from local sources, 
mainly from Nubian series, consist of wind-blown sand dunes or sand 
brought by winds and deposited down stream. In general the area is 
dominated by shifting sand in sheets and dunes, with occasional alluvial 
depressions consisting of loams and clays associated with dry water courses 
(COWI consult, 1988).  
3.2 Food security Scheme-Atbara: 
This Scheme was proposed in 1993 and lunched in 1994. 
3.2.1 Location 
The scheme is located north of Atbara city and extends along Atbara-Barber 
plain and parallel to the eastern bank of the River Nile at the higher traces, 
including Khilewa, Kinnor, Elsidir and Darmally villages. Map (1)  location 
of the study area. The total area of the project is 32.000fedds of which 
20.000 fedds is invested by the Arab Company for Fodder production. The 
remaining area is cultivated by a total of 365 farmers. 
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Map (1) Location map 
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3.2.2 Objectives of the Scheme: 
The main objectives of the scheme are: 
-The achievement of food security by increasing agricultural and animal 
production. 
-Creation of mixed investment by integrating animal in agricultural 
production. 
-Ameliorating the environment for intercropping and using horticultural trees 
as wind prier. 
-Fodder production. 
- Vegetable production. 
3.2.3 Target Groups: 
The aim of this scheme is to increase income and improve the stander of 
living of: 
-Poor families.                                                                       
-Unimplemented and dismissed from the general services. 
-Retired people.                                                                     
3.2.4 Tenure: 
The Scheme is owned by the government. Land holding can be rented to any 
farmer or institution, except the irrigation units. Individual holding is 5fedds 
and renewed every 15 years. Renting can be for long time e.g. 100years. 
 3.2.5 Soil: 
The soil is classified as Aridisols, TypicNatrargids, Atbra Series (SSA, 
1976). According to Salih (1994) the Nubian sand stone sediment lies on the 
Basement complex rocks representing the main geological formation and the 
recent surface geological deposit which had been eroded by the river.  
Weathering of the Nubian sand stone represents the primary constitution of 
the soil. . Depending on the depth, texture, color and calcic reaction, five 
types of soils were recognized:-  
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-Shallow depth soil (0-50cm), this type includes two subdivisions depending 
on type of hard band as follows: 
Type1: Clay texture soil containing more than 30% clay and including  more 
than 85% gravels in the surface. It is neither sodic nor saline, but it is very 
shallow with profile depth of 50cm.The hard band is of solidified gravel with 
mud which hinders the expansion of roots. This type of soil is not suitable 
for except shallow rooted crops (0-30cm) e.g. fodder and vegetable. This 
type also includes very shallow pockets with no top soil and is only used for 
collecting small rocks and gravels. 
Type2, Clay texture soil containing more than40% clay with more than 60% 
gravel in the surface, it is neither sodic nor saline, it is shallow, and the sand 
stones were found at 50cm depth. It is not suitable except for shallow rooted 
crops (0-30cm) like fodder and vegetable, it includes some areas effected by 
salinity in the surface (>4dS/m), this can be reclaimed by leaching and 
cultivation of salt tolerant crops. 
Type3      Medium depth (50-100cm):  Clay texture (more than35% clay), 
the sand stone layer was found at 75cm depth, it is neither saline nor sodic 
having some affected areas with salinity and sodicity,it is suitable for 
majority of vegetable and some kind of fodder and horticultural crops with 
not more than 60cm root depth i.e. not recommended for fruit trees. The 
selection of saline and sodic tolerant crop is recommended.  
-Deep soil (>100cm): It includes two types: - Type4:  Deep clay texture soil, 
dark-grey in colour, moderately permeable, it is not sodic or saline, calcic in 
reaction at the surface and not reactive at the subsoil. This type is suitable for 
most kind of crops, vegetable and fodder but not recommended for deep 
rooted fruit trees because of the presence of calcic layer at120-150cm depth, 
which may hinder the expansion and development of roots after time of 
cultivation. 
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-Type 5: Deep soil, characterized by the presence of dark brown layer, Clay 
texture, high permeability. It is not sodic or saline, suitable for most 
vegetable, fodder and horticultural crops; it includes areas with suitable 
depth for fruit trees. It includes some areas affected by salinity which can be 
reclaimed by leaching and cultivation of salt tolerant crops. It also 
characterized by low moisture content in the surface , so it need higher rate 
of irrigation water than the other types of soil. 
3.3 Materials and methods of data collection: 
3.3.1 Soil and water collection 
Soil samples were collected by uger from three cultivated farms and 
uncultivated site as control. Soil samples were taken from three depths (0-
30cm), (30-6cm) and (60-90cm)  respectively. The distance between each 
hole was 50m along the area with three replications. Soil samples were 
carefully packed in bags to avoid distortion and taken for further 
measurement and analysis. Two water samples were collected from the main 
irrigation canal and a well for drinking water in the first farm. The 
agricultural practices in scheme started since 1995.  
3.3.1.1 Site (1) Salah farm 
It is located in the south eastern part of the scheme, the area is four fedds, it 
is cultivated by Alfalfa and Sorghum, poultry and dairy production were also 
practiced. The land prepared mechanically and harvested manually 
.fertilization is by poultry manure. 
3.3.1.2 Site (2) Omer farm 
It is located to the west of Salah farm south of the main irrigation canal. The 
area of this farm is three fedds, cultivated by eggplant (Solanum melongena) 
Tomato, and Okra; it is fertilized by Urea. 
3.3.1.3 Site (3) Arabic company farm 
This part of the scheme was invested by The Arabic Company for forager 
production in an area of 20.000; it is located in the northeastern part of the 
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scheme, north of the main irrigation canal. The irrigation system is central 
pivot. 
3.3.1.4 Site (4) Uncultivated area (control): 
Soil samples were collected from adjacent area to the administration office 
of the scheme, south of the main irrigation canal. 
3.3.2 Personal contact information: 
The data concerning land use was collected through the personal contact. 
The main growing season is winter. Land use systems are mechanized 
agriculture and animal production. The farmers adopt cultivation of fodder, 
wheat and vegetables. 
3.4 Data analysis: 
3.4.1 Laboratory analysis:  
The analysis of soil and water samples for all parameters except CEC, N and 
Exchangeable Cations were carried in the Laboratory of Desertification and 
Desert cultivation studies Institute in May 2009, while the analysis of CEC, 
N and Exchangeable Cations were carried in the Laboratory of Soil Science 
and Environment Department-Faculty of Agriculture- Shambat in Jan 2010. 
3.4.1.1 Physical analysis: 
All soil samples were ground to pass 2.00 mm sieve and mixed throuhly.The 
sieved samples were used for various mechanical and chemical analysis.  
Particle-size analysis was carried out by hydrometer methods (Black.et al, 
1965), the texture classes of soils were determined according to United 
States Department of Agriculture (USDA) textural triangle. 
3.4.1.2Chemical analysis: 
-pH of the saturated paste was determined using PH-mater (US salinity 
laboratory staff. 1954) method.  
-The electrical conductivity of each saturated soil was measured by using 
EC-meter. 
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-Soluble Na+ and K+  were determined by using flame photometer. 
 -Chloride was determined by titration with Silver Nitrate (Reitemeier, 1943). 
- Bicarbonate (HCO3) was determined by titration with acid (Reitemeier, 
1943). 
-The CEC was determined by Sodium acetate method (Bower and others 
1952). 
-The extractable cations were determined by Ammonium acetate method 
Bower and others (1952) and then the exchangeable cations were calculated. 
-Nitrogen was determined according to Kjeldhal method (1981), described 
by Miller and Kenny (1982). 
-Organic carbon was determined according to Wakely and Black (1934) 
methods, Organic matter was then calculated (OM= OC× 1.274). 
-Calcium carbonate percentage was determined by estimation of CO2     
(Miller and Kenny1982). 
-The exchangeable Sodium Percentage (ESP) and the Sodium Adsorption 
Ratio (SAR) are calculated after determining Ca, Mg and Na concentrations 
in saturation extract (U.S.Salinity Laboratory Staff,1954). 
Soil Adsorption Ratio (SAR) was calculated according to the following 
equation: 
SAR =  
2
++++
+
+ MgCa
Na  
 
-ESP was calculated according to the following equation: 
ESP % = 100
. X
CEC
NaExch
 
3.4.1.3 Water analysis: 
Water samples collected from the main irrigation canal and well for drinking 
water to determined pH, ECe, SAR, RSC and the soluble cations and anions 
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using the same methods in the analysis of soil paste. The Residual Sodium 
Carbonate (RSC) is then calculated according to the following equation: 
RSC= (CO3--+HCO3-) _ (Ca+++Mg++) 
The cations concentrations are expressed in (meq/l). 
3.4.2 Statistical analysis: 
3.4.2.1 Soil and Water analysis: 
Randomized Complete Block Design (RCBD) was used to determined 
statistical difference between means. Each soil sample was analyzed in three 
replications. 
Statistical differences between irrigation water of the canal and the well were 
determined using T- test. These samples were analyzed in triplicate. The data 
obtained from water and soil samples were analyzed according to SAS 
program version (3), (SAS, 1994). The significance level accepted was 
P≤0.05 and means were separated according to Least Significant Difference 
(LSD) According to Gomez and Gomez (1984). 
  
 
  
Photo (1) Main irrigation canal. 
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                  Photo (2) Animal production in the scheme. 
 
 
 
 
Photo (3) Citrus trees in Salah farm. 
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Chapter Four  
Results  
Table 4.1 through to Table 4.20 illustrates the results of the mechanical and 
chemical analysis of the soil in Atbra Food Security scheme. Moreover 
Table (4.21) reflected the results of chemical and statistical analysis of 
irrigation and drinking water in the study area.     
The obtained results reflect the alkaline reaction of the soil, where pH ranges 
between 8.28 and 7.56, ECe ranges between 4.3 and 0.67dS/m. 
Nitrogen contents and organic matter are generally low which agree with the 
previous analysis of soil conducted by the Soil Survey Administration (Salih, 
1994). 
 4.1 Soil properties: 
4.1.1Chemical characteristic:  
   4.1.1.1 pH in different sites and depths: 
The result showed that there were significnatly differences (p≤0.05) between 
pH among all sites. The lowest value was recorded in site (3), depth (60-
90cm) with pH mean of (7.56); the highest value (8.29) was recorded in site 
(2) depth (30-60cm), Table (4.1) 
 
Table (4.1) pH in different sites and depths   
Sites Site (1) Site (2) Site (3) Site (4) 
(control) Depths 
0-30cm 7.59b 8.16a 7.64ab 7.61b 
30-60cm 8.02a 8.29a 7.67b 7.64b 
60-90cm 7.94ab 8.19a 7.56c 7.71bc 
Values in the same rows fallowed by similar letters are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
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4.1.1.2 ECe in different sites and depths:  
The result showed that ECe was significantly different (P≤0.05) among sites 
at all depths, the highest EC value (6.3dS/m) was recorded in site (3) at 
depth(0-30cm)  while the lowest EC value (0.37dS/m)  was recorded in 
site(1) at depth(30-60cm) . 
Table (4.2) ECe in different sites and depths  
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 0.67C 0.69C 6.3a 1.3b 
30-60cm 0.30c 1.65a 1.58a 0.85b 
60-90cm 1.61a 0.43c 1.76a 1.30b 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
 
 
4.1.1.3 Na+ in different sites and depths: 
 Soil Na+ content showed significant differences among sites at depths (0-
30cm) and (60-90cm). The highest Na+ value(26.20meq/l) was recorded in 
site(3),depth(0-30cm), while the lowest value(4.56meq/l) ,was recorded in 
site (2),depth(30-60cm),Table(4.3). 
 
Table (4.3) Na+ in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 5.21d 8.9c 37.00a 13.05b 
30-60cm 7.01a 4.56a 10.63a 10.00a 
60-90cm 4.62b 7.18b 29.50a 5.30a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using ( LSD). 
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4.1.1.4 K+ in different sites and depths:  
The result indicated that K+  was not significantly deferent among sites and 
along depths , the highest value(0.21m/l), was recorded in site(3),depth(0-
30cm), the lowest value(0.06meq/l) was recorded in site(1) at depth(30-
60cm) and(60-90cm)Table (4.4). 
Table (4.4) K+ in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 0.08a 0.10a 0.21a 0.13a 
30-60cm 0.06a 0.10a 0.09a 0.07a 
60-90cm 0.06a 0.08a 0.12a 0.16a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
 
 
4.1.1.5 Ca++ in different sites and depths: 
The results of Ca++  showed significant differences (P≤0.05)  between 
cultivated sites and the control at  depths (0-30 cm ) and (60-90 cm) , while 
there was not significant differences between  site (3) and site ( 4) at depth 
(60-90 cm),  the highest value was recorded in site (3) at depth(0-30 cm) , 
and the lowest value was recorded in site(2) at depth (0-30 cm).Table(4.5) 
.  
Table (4.5) Ca++ in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 1.40C 0.90C 14.40a 3.90b 
30-60cm 1.27b 1.13b 2.40ab 3.40a 
60-90cm 1.27b 1.00b 1.30b 5.00a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
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4.1.1.6 Mg++ in different sites and depths: 
The result showed that no significant difference (atP≤0.05) among sites at 
depth (0-30cm) and (30-60cm) in Mg++ content, while depth (60-90cm) 
reflected significant difference between the cultivated sites and uncultivated 
site (control).  The highest Mg++ value (6.33meq/l) was recorded in site (3) at 
depth (0-30cm), while site (1) recorded the lowest Mg++ value (0.53meq/l) at 
depth (60-90cm), Table (4.6). 
Table (4.6) Mg++   in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 0.87a 0.87a 6.33a 2.00a 
30-60cm 0.60a 0.57a 2.80a 1.87a 
60-90cm 0.53b 0.70b 1.53b 3.87a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
4.1.1.7 CEC in different sites and depths: 
Table (4-7) showed no significant difference of CEC among sites at depth 
(30-60cm) and (60-90 cm), where as at depth (0-30cm), site (1) and site (3) 
varied significantly from site (2) and site (4).   Site (3) recorded the highest 
CEC value (58.20meg/100g) at depth (0-30cm), while site (2) recorded the 
lowest value (38.23meg/100g) at depth (0-30cm). 
Table (4-7) CEC in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 52.93a 38.23b 58.20a 40.90b 
30-60cm 44.73a 51.87a 56.43a 48.27a 
60-90cm 55.83a 45.23a 55.47a 43.40a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
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4.1.1.8 CaCo3 in different sites and depths: 
Soil CaCo3 content reflected significantly different (p≤0.05) between all sites 
and uncultivated site (control) along different depths, the highest CaCo3 
(7.22 %) was recorded in site (4) at depth(60-90cm) , while the lowest  
CaCo3 (4.19) was recorded  in both site(1) at depth(60-90cm), and site(3) at 
depth(30-60cm) , table(4-8). 
Table (4.8) CaCo3 in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 5.13b 5.08b 4.22c 6.44a 
30-60cm 4.83cb 5.31b 4.19c 6.72a 
60-90cm 4.19b 4.50b 4.44b 7.22a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD) 
. 
4.1.1.9 SAR in different sites ands depths: 
Table (4.9)  Showed that SAR values were not significantly different  
(p≤0.05) among sites at depth(60-90 cm) . The highest SAR value (19.32) 
was recorded in site (3) at depth (0-30 cm),  while the lowest SAR value 
(4.86) was recorded in site (1) depth (60-90cm). 
 
Table (4.9) SAR in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 4.89a 8.59ab 19.32a 8.5ab 
30-60cm 7.26ab 8.59a 5.50b 6.84ab 
60-90cm 4.86a 6.81a 9.11a 4.92a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
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4.1.1.10 ESP in different sites and depths:    
The result showed that there was no significantly differences( P≤0.05) 
among sites at depths (0-30cm) and (30-60cm), while depth (60-90cm)  
showed   significant differences  between site(2)  and site(3) . Table (4.10). 
 
Table (4.10) ESP in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 5.61a 21.16a 6.29a 6.81a 
30-60cm 5.76a 14.96a 10.25a 8.66a 
60-90cm 7.28ab 13.99a 9.43ab 10.52ab 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
 
4.1.1.11 HCO3 in different sites and depths: 
Soil HCO3 results showed no significant difference at (P≤0.05) among sites 
at different depths,   the highest HCO3 (3.67 meq/l) was recorded in site (1) 
depth (0-30cm),   while the lowest HCO3 (1.44 meq/l) was recorded in site 
(2) depth (30-60cm), Table (4.11) 
 
Table (4.11) HCO3 in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 3.67a 2.51a 2.30a 1.60a 
30-60cm 2.57a 1.44a 1.97a 1.87a 
60-90cm 2.60a 1.68a 2.40a 1.87a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
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4.1.1.12  Phosphorus content in different sites and depths: 
The result concerning P showed no significant difference among sites  in 
depth (0-30cm) and depth (30-60cm) , depth (60-90cm) reflected  significant 
different at (p≤0.05) between  uncultivated site(site4) and other sites with the 
exception of  site(3) which showed  no significant  difference from  the 
control and the other sites .  The highest P value (4.16 ppm) recorded in site 
(4) depth (60-90cm), while the lowest value (0.75 ppm) was recorded in site 
(1) depth (60-90cm), table (4.12). 
 
Table (4.12) Phosphorus in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 3.28a 3.09a 0.99a 3.64a 
30-60cm 2.17a 2.16a 2.43a 2.35a 
60-90cm 0.75b 0.76b 3.42ab 4.16a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
 
 
4.1.113 N% in different sites and depths: 
Table (4.13) showed that there was no significant difference at (p≤0.05) 
between uncultivated site (site4) and the cultivated sites (1, 2 and3) at all 
depths while site (1) showed significant difference from site (3) at depth (60-
90cm). Site (3) recorded the highest N% value (0.09%) at depth (0-30cm), 
while the lowest value (0.042%) was recorded in site (4) at depth (0-30cm) 
and site (1) at depth (060-90cm). 
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Table (4.13) N%   in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 0.08a 0.08a 0.09a 0.04a 
30-60cm 0.07a 0.06a 0.06a 0.06a 
60-90cm 0.04b 0.06ab 0.08a 0.06ab 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
  
4.1.1.14    OM in different sites and depths: 
The result reflected that site (1) which recorded the highest OM% (0.55%) at 
depth (0-30cm) showed significant difference at (p≤0.05) from other sites 
(including control), while the other depths showed no significant difference 
among sites. The lowest OM% (0.09%) was recorded in site (4) at depth (60-
90cm), table (4.14). 
Table (4.14) OM in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 0.55a 0.29b 0.24b 0.18b 
30-60cm 0.26a 0.15a 0.32a 0.12a 
60-90cm 0.25a 0.23a 0. 27a 0.09a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
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4.1.1.15 C/N ratios in different sites and depths: 
 The result reflected no significant difference at (p≤0.05) concerning C/N 
among different sites and depths, the highest C/N (4.66) was recorded in site 
(1) at depth (60-90cm) , while the lowest C/N (1.11) was recorded in site(4) 
at depth (30-60cm) , table(4.16). 
 
Table (4.15) C/N in different sites and depths   
Sites Site(1) Site(2) Site(3) Site(4) 
(control) Depths 
0-30cm 3.56a 1.94a 1.69a 3.01a 
30-60cm 1.94a 1.68a 2.97a 1.11a 
60-90cm 4.66a 2.30a 1.83a 1.15a 
Values in the same rows fallowed by similar letter are not significantly 
different at (P≤0.05) using Least Significant Difference (LSD). 
4.1.2 Physical characteristics:  
4.1.2.1Soil particle distribution in different sites and depths: 
Soil texture in the study area ranged between sandy loam and loamy sand ,  
Sand content reflected  significant difference at (p≤0.05) between site(4) 
(uncultivated site) and both site (1)and site(3) at depths (0-30cm)  and(30-
60cm) while it showed no significant difference in site (2) at depth(0-30cm) , 
the result showed no significant difference in sand content among sites at 
depth (60-90cm) . The result showed no significant difference at (P≤0.05) in 
Silt content among sites with the exception of site (3) and (1) at depth (0-
30cm) which reflected significant differences between them and control.  
The result reflected significant difference of clay content among sites at 
depth (0-30cm) and (60-90cm), while in depth (30-60cm) reflected no 
significant deference in clay content among sites, Table (4-16). 
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Table (4.16) Soil particle distribution in different sites and depths  
Soil Texture Clay% Silt%  Sand% Soil 
depth(cm)
Sites 
Sandy Loam 12.24b 21.30a 66.56b 0-30 Site(1) 
Loamy sand  13.14a 24.00a 62.86b 30-60 
Loamy sand  16.14a 22.20a 61.66a 60-90 
Sandy Loam  14.94a   16.83ab  68.56ab 0-30 Site(2) 
Loamy sand  14.64a 19.43a 65.26b 30-60 
Loamy sand  15.24a 18.00a 66.76a 60-90 
Loamy sand  13.74ab 20.70a  66.16b  0-30 Site(3) 
Loamy sand  13.74a 20.70a 65.56b 30-60 
Loamy sand  14.34ab 21.00a 64.66a 60-90 
Sandy Loam  12.54b 12.90b 74.56a 0-30 Site(4) 
Loamy sand  11.64a 18.33a 70.36a 30-60 
Loamy sand  12.24b 20.700a  67.06a 60-90 
Values in the same columns within the same depth fallowed by similar letter 
are not significantly different at (P≤0.05) using (LSD)  
 
  
 
4.2 Water characteristics: 
Table (4.18) illustrated the water quality of the main irrigation canal which 
came from the main River Nile and under ground which was used for 
drinking and some times for irrigation in the study area. 
ECe values showed significant differences between the two water samples. 
The irrigation water of the scheme reflected the minimum EC value 
(0.16dS/m), while the drinking water reflected the high ECe value 
(0.33dS/m).  
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 The result showed that pH values in the two samples were significantly 
different, the average pH in the canal water was (8.22) while it was (6.47) in 
the underground water. The result showed that there was no significant 
different (P≤0.05) of SAR between irrigation water and drinking water, SAR 
recorded (1.96) in drinking water, while it was (1.52) in irrigation water. The 
result showed that RSC was significantly different between the canal water 
and under ground water with average values of (0.73) and (1.20) 
respectively. The result showed that Na+ was significantly different (P≤0.05) 
between Canal water and underground water , the average Na+  in canal 
water(1.59meq/l)  , while it was (2.17meq/l) in underground water. The K+ 
contents in the two samples were not significantly different, the averages of  
K+ was (0.21meq/l) in canal water and (0.16 meq/l) in underground water.  
The result showed that Ca ++ values were significantly different between 
canal water and under groundwater, the average of  Ca ++ in canal water was 
( 0.53meq/l), and it was (1.77meq/l) in underground water.  There was 
significant difference (P≤0.05) between canal water and under ground water 
in Mg++ contents, the average of Mg++ in canal water was (0.767meq/l) and it 
was (1.367meq/l) in under groundwater. The result reflected that there was 
significant difference (P≤0.05) of HCO3 between canal water and 
underground water, the average of HCO3 in canal water was (2.37 meq/l) 
and (4.33meq/l). The result reflected no significant difference of SO4--  and 
Cl- contents between canal water and under ground water, The average of 
CL- in canal water was( 0.37 meq/l) and( 0.50meq/l). The average of SO4- - in 
canal water was (0.37 meq/l) and (0.66 meq/l). 
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Table (4.18) Results of Water analysis in study area 
Underground waterCanal waterWater characteristic  
6.43 a 8.03 a pH 
0.33 a 0.16 a ECe  dS/m-1 
1.52 a 1.96 a SAR 
1.20 b 0.73a RSC 
2.12 a 1.59 a Na+ meq/l 
0.04 a 0.21 a K+ meq/l 
1.77b 0.53 a Ca++ meq/l  
1.37 b 0.77 a Mg++ meq/l 
0.50 a 0.37 a CL-  meq/l 
0.92 a 0.30 a  SO4--  meq/l  
4.33 a 2.37 a HCO3- meq/l 
Values in the same rows followed by similar letters are not significant 
different at (P≤0.05) using  Least Significant Difference (LSD).     
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Chapter Five 
Discussion 
The land use systems have their impact on the processes of land degradation 
that could reveled through some biophysical indicators such as soil 
degradation.   Soils are one of man’s most valuable natural resources. They 
are a living part of nature that when properly managed, fertilized, and 
watered, provides the basis for production of sufficient crops to supply man 
with food, fiber and shelter. 
Agriculture , without addition of fertilizers and manure resulted in removal 
of soil nutrients with the harvested crops , ploughing and cultivation 
increased aeration , and there by increased oxidation  of soil organic matter. 
Stable soil aggregates cemented by some breakup clay and silt fractions are 
blown away by wind and the remaining free sand particles start bouncing 
and creeping in the direction of wind. The net result is the overall 
deterioration of chemical and physical soil fertility, decrease of water 
availability and the consequent crop failures in an already fragile agricultural 
environment. Free sand started salitating and desert continued creeping 
southward, (AbdElnnour, 1995). 
Arid soils are generally salt affected soil due to low precipitation and low 
moisture content. According to the US Salinity Laboratory Staff (1954), 
there are three types of salt affected soil:- 
1- Saline soil where ECe≥4 dS/m and ESP≤15. 
2- None saline alkaline soil ECe ≤4dS/m ESP≥15. 
3- Saline alkaline ECe≥4dS/m  ESP≥15. 
The result of soil analysis showed that the lowest EC, ESP values in each 
site were: (0.30 ,5.61) in site(1), (0.43, 13.91) in site(2),(1.58, 6.29) in site(3) 
and (0.85, 6.81) in site (4) respectively,  while the highest EC, ESP values  
were (1.61dS/m,7.28) in site(1),(1.64dS/m, 21.16) in site(2), (6.3dS/m, 
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10.25) in site(3), and(1.3dS/m, 10.52) in site(4) respectively. Accordingly 
the study sites could be arranged in the following classes:      
Site (1) none saline.                                                                                          
Site (2) none saline alkaline soil.                                                                         
Site (3) Saline soil.  
Site (4) none saline soil 
Therefore   agricultural practices in site (1) could be considered as the most 
save to the environment than other sites, this could be attributed to the type 
of tillage used in which the previous crop residues are not removed .  
Nitrogen contents in the study area are generally low, site (3) recorded the 
highest nitrogen contents (0.88%) at depth (0-30cm), and this could be due 
to the presence of the previous wheat crop residues. 
According to Blot and Bruggenwert, (1976), the typical C/N ratio is (8/1-
15/1), the result showed that C/N ratios in all sites were below the typical 
values, where the highest C/N value was recorded in site (1) at depth 
(0.30cm). 
The scarcity of rainfall and dry climate hinder the natural leaching of salts 
which resulted in accumulation of calcium carbonate, (Mustafa, 2007). The 
study area characterized by the presence of considerable amount of CaCO3, 
the pare land recorded the highest value (6.72%) at depth (30-60cm), this 
could be attributed to the absence of irrigation water and presence of Ca++. 
Organic materials are added to soil as plant residues and animal remains; 
they are decomposed by the micro flora and microfuna to form humus which 
provides seat of electrical charges. Organic mater influences both physical 
and chemical properties.  Through beneficial effects on soil structure, OM 
increases water infiltration and storage, in addition, OM is important in 
reducing soil erosion by wind and water, it supplies needed nutrients and 
energy for soil microbes.  Generally the OM contents in the study area were 
very low the highest values was recorded in site (1) (0.55%) at depth (0-
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30cm), this could be due to cultivation of legumes fodders and the use of 
green manures. The lowest values was recorded in site (4) (0.09%), this due 
to the absence of vegetation cover. As cited by Osman (2006) Soil texture is 
one of the most important characteristic as it influences in many properties 
of great significance to land use and management. Among the various soil 
texture classes soil having sandy loam or loamy sand texture surface, are 
more suitable for wide varieties of crops and can produce higher yields than 
other type of soils. The result of study area showed that soil texture ranged 
between sandy loam and loamy sand. The bare land site (4) recorded the 
highest percentage of sand than other sites; this may be due to the scarcity of 
shelter belts and vegetation cover. 
5.2 Water characteristic: 
5.2.1 Indicators of water quality for irrigation: 
The indicators used to asses the quality of water for irrigation are: 
- The electrical conductivity (EC dS/m), which is indicative of salinity 
hazard. 
- Sodium Adsorption Ratio (SAR), which is indicative of sodicity 
hazard. 
- The Residual Sodium Carbonate (RSC), which is indicative of the 
carbonate hazard and concentration of phototoxic elements Richard 
(1954). 
Ayers and Westcott (1985), reported that the degree of restriction on use of 
water for irrigation, is where the water EC is more than 3.0dS/m defined as 
sever degree for irrigation and between 0.7-3.0 is a normal range for 
irrigation, accordingly the results of EC of both canal and ground water 
(0.157, 0.331 dS/m) considered as highly suitable for irrigation. 
The water reaction (pH) of the canal water is (8.22) which is highly suitable 
for irrigation while it was slightly acid in ground water (6.47). 
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Richard, (1954) reported that  water with SAR more than 5 can led to 
secondary salinization when used  for irrigation , there for the re3sult  
showed  that water SAR for both canal and ground water were suitable for 
irrigation. Eaton(1949), reported that   if RSC>2.5 the  water is not suitable 
for irrigation , if 1.25<RSC>2.5 it is considered as marginal and if 
RSC<1.25 it is probable safe for irrigation ,  accordingly the RSC of canal 
and ground water (0.73, 1.20) respectively fall with in the suitable range , 
but it is more suitable in canal water. 
5.2.2 Indicators of water quality for drinking: 
Drinking water is one of the main component of human food, thus it could 
be real health hazard. WHO (1984) reported that the water supply to be used 
for human or animal drinking should fall in the following limits: 
Total dissolved salts      1500ppm. 
Sulphates                     750ppm. 
Chlorides                     600ppm 
Fluorides                       2ppm. 
Magnesium                  180ppm. 
Calcium                       200ppm. 
Zinc                             20ppm. 
The result of water analysis fall with in the permissible range recommended 
by WHO (1984), Table (5.1). 
Table (5.1) water content of Ca++, Mg++, SO4and CL- in ppm 
Water content 
ppm 
Canal water Ground water 
Ca++ 10.67 35.335 
Mg++ 9.35 16.67 
SO4 17.60 31.68 
CL 13.02 17.75 
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Chapter six 
Conclusion and recommendations 
6.1 Conclusion 
The land use practices in the study area consisted of fodder production, 
cultivation of wheat, cultivation of vegetables in small areas in addition to 
animal and poultry rising. Some farmers did not follow rotation system in 
their farms with different crops. In this context the diversity of crops in 
rotation lead to diverse soil flora and fauna as the roots excrete different 
organic substances that attract different types of bacteria and fungi, which 
play important role in transformation of these substances to feed plant with 
available nutrients. 
The result reflected high percentages of sand in uncultivated site (control), 
therefore the adopted land use practices led to protect the cultivated areas 
from sand encroachment. 
It was concluded that canal water which is the main source of irrigation in 
the scheme was more and highly suitable for irrigation than the ground water 
which was used as secondary source of irrigation by few farmers.  
The findings reflect low contents of nitrogen, phosphrous, potassium and 
organic matter. 
According to the aforementioned findings, it is clear that some of 
desertification factors and indicators of land degradation are prevailing in the 
study area. But when referring to the initial report of the Soil Survey 
Administration (1993), before the beginning of the scheme, the net impact 
could be considered as not completely negative, and it can be driven to 
amore positive areas by adoption of a well planed land use system.  
 
6.2 Recommendations:  
1. Planting of wind break and shelter belts to reduce sand encroachment. 
2. Selection of salt tolerant crops in saline and sodic areas. 
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3. Following proper crop rotation. 
4.  Use of animal manure to improve soil properties. 
5. The use of mineral fertilizers such as gypsum and calcium chloride to 
reduce sodicity. 
6. Reduction of exchangeable sodium by leaching and addition of 
manure besides deep plowing. 
7. Reduce salinity hazard by construction of effective irrigation system 
to avoid water logging and salinization. 
8. Use of mineral fertilizers as source of nitrogen, phosphorus and 
potassium. 
9. Application of silvipastural and agroforestry systems in the scheme. 
10. Cooperation of the scheme manager and farmers in detecting and 
solving the problems of production. 
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  ﻴﺔاﻟﻤﺮاﺟﻊ اﻟﻌﺮﺑ
  
ﻣﺆﺷﺮات رﺻﺪ اﻟﺘﺼﺤﺮ ﻓﻰ  اﻟѧﻮﻃﻦ  راﺳﺔد, (0022)ﻤﺔ اﻟﻌﺮﺑﻴﺔ ﻟﻠﺘﻨﻤﻴﺔ اﻟﺰراﻋﻴﺔ اﻟﻤﻨﻈ-
اﻟﻤﻨѧѧﺎهﺞ واﻟﻤﺆﺷѧѧﺮات اﻟﻤﺴѧѧﺘﺨﺪﻣﺔ ﻟﺮﺻѧѧﺪ اﻟﺘﺼѧѧﺤﺮ ﻓѧѧﻰ اﻟѧѧﻮﻃﻦ  -ﻟﺮاﺑѧѧﻊا  اﻟﺒѧѧﺎب, اﻟﻌﺮﺑѧѧﻰ 
  .اﻟﻌﺮﺑﻰ
ورﻗѧѧﺔ ﻋﻤѧѧﻞ اﻟﺘﺼѧѧﺤﺮ ﻓѧѧﻰ , (9002)ﺣﺴѧѧﻦ ﻣﺤﻤѧѧﺪ ﻓﻀѧѧﻞ و ﻋﺜﻤѧѧﺎن ﻋﺒѧѧﺪ اﻟѧѧﺮﺣﻴﻢ ﻋﺜﻤѧѧﺎن -
ﻣѧѧﺪاوﻻت ﻧѧѧﺪوة دورة  -ﻌﻮاﻗѧѧﺐ واﺟѧѧﺮاءات اﻟﻤﻜﺎﻓﺤѧѧﺔاﻟ, اﻟﻤﺆﺷѧѧﺮات, اﻻﺳѧѧﺒﺎب -اﻟﺴѧѧﻮدان
 .اﻟﺒﺤﻮث اﻟﺰراﻋﻴﺔ
ورﻗѧѧﺔ اﻟﻤѧѧﻮارد واﻻﻣﻜﺎﻧѧѧﺎت وﻣﻌﻮﻗѧѧﺎت اﻻﻧﺘѧѧﺎج ( 6002)ﻋﺒѧѧﺪ اﻟﻌﻈѧѧﻴﻢ ﻋﺒѧѧﺎس ﻃﻴﻔѧѧﻮر /د-
 .ورﺷﺔ ﻋﻤﻞ ﺗﻨﻤﻴﺔ اﻟﻤﻨﺘﺠﺎت وﺗﺮﻗﻴﺔ اﻟﺼﺎدرات اﻟﺰراﻋﻴﺔ-اﻟﺰراﻋﻰ ﺑﻮﻻﻳﺔ ﻧﻬﺮاﻟﻨﻴﻞ
ورﺷѧѧѧﺔ -ﻳѧѧѧﺔ ﻧﻬѧѧѧﺮ اﻟﻨﻴѧѧѧﻞورﻗѧѧѧﺔ اﺛѧѧѧﺎر ﺗﻐﻴѧѧѧﺮ اﻟﻤﻨѧѧѧﺎخ ﻓѧѧѧﻰ وﻻ, (5002)اﺣﻤѧѧѧﺪ ﺟﻤѧѧѧﺎل / د-
  (.5002دﻳﺴﻤﺒﺮ-71-81اﻟﺴﺘﺮاﺗﻴﺠﻴﺔ اﻟﻮﻃﻨﻴﺔ ﻟﻠﺘﻜﻴﻒ ﻣﻊ اﺛﺎر ﺗﻐﻴﺮ اﻟﻤﻨﺎخ)ﻋﻤﻞ
  .ﺑﻴﺌﺔ اﻟﺘﺮب اﻟﻤﻠﺤﻴﺔ واﻟﺼﻮدﻳﺔ, (7002)ﻣﺨﺘﺎر اﺣﻤﺪ ﻣﺼﻄﻔﻰ-
اﻟﻨﺸѧѧﺎط اﻟﺒﺸѧѧﺮى ﻓѧѧﻲ اﻟﺴѧѧﻮدان ﻋﺒѧѧﺮ اﻟﻘѧѧﺮن اﻟﻌﺸѧѧﺮﻳﻦ  -(5991)ﺣﺴѧѧﻦ ﻋﺜﻤѧѧﺎن ﻋﺒѧѧﺪ اﻟﻨѧѧﻮر -
ﻗﺎﻋѧﺔ  -اﻟﺨﺎرﻃѧﺔ اﻟﻌﺮﺑﻴѧﺔ ﻻﺳѧﺘﺨﺪام اﻻراﺿѧﻰ  ورﺷѧﺔ ﻋﻤѧﻞ / وأﺛﺮﻩ ﻋﻠﻰ اﻟﻤѧﻮارد اﻟﻄﺒﻴﻌﻴѧﺔ 
 .اﻟﺸﺎرﻗﺔ
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APPENDIX 
 
Appendix (1): Soil pH ANOVA at depth (0-30cm)  
  
Pr>FF. valueMean 
square(M.S)
Sum of 
squares(S2)
Degree of 
freedom
 Source of 
variation
0.113 2.91 0.223 1.115 5Model
  0.077 0.459 6 Error
   1.575 11 Corrected 
total
  
  
  
 Appendix (2) Soil pH ANOVA at depth (30-60cm)    
 
  
 
Pr>FF. valueMean 
square(M.S)
Sum of 
squares(S2)
Degree of 
freedom
 Source of 
variation
0.016 7.07 0.267 1.3395 Model
 0.038 0.227 6 Error
   1.567 11 Corrected 
total
 
Appendix (3) Soil pH ANOVA at depth (60-90cm) 
 
Pr>FF. valueMean 
square(M.S)
Sum of 
squares(S2)
Degree of 
freedom
 Source of 
variation
0.023 6.26 0.178 0.8915 Model
  0.028 0.171 6 Error
   1.060 11 Corrected 
total
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